For extracorporeal blood purification, we have designed a microsphere based detoxification system (MDS) for highly specific toxin removal. The patient's blood enters an extracorporeal circuit where in a plasma filter the blood is separated into a cell and a filtrate (plasma) fraction. The filtrate is directed and recirculated with high flow rate in a closed loop circuit (secondary MDS circuit). In the secondary circuit, the filtrate is suspended with high specific adsorbent microspheres having a mean diameter below 7µm. The hollow fiber plasma filter represents the sole barrier for microparticle blood contact. Medical safety regulations prescribe a double fault safety to protect the patient against microparticle infusion. This enforces an additional safety device. We have designed a high sensitive fluorescence based microparticle detector placed downstream the plasma filter along the venous blood line. For detection of a particle leakage and therefore a particle release from the plasma circuit into the blood circuit, we add ferromagnetic and fluorescently labeled microspheres to the adsorbent particle suspension into the secondary MDS circuit. In case of a membrane rupture, the labeled particles are released together with the adsorbent particles and can be detected in the blood line.
Methods
The fluorescence based microparticle detector consists of a LED light source whose light radiation is focused to the transparent blood tubing. Around the blood tubing a magnetic trap, consisting of two strong permanent magnets, is arranged. In case of a filter rupture, the released ferromagnetic beads are deflected and accumulated within the magnetic trap. By focusing the excitation light to the area of highest particle accumulation in the magnetic trap, fluorescence light is emitted by the labeled particles. The emitted fluorescence light is filtered and directed to a high sensitive photo multiplier. To optimize the particle accumulation efficiency of the magnetic trap, a mathematical simulation model based on magnetic, fluidic and gravitational forces was designed. All simulations are done with COMSOL Multiphysics V3 and compared with results from laboratory experiments with the magnetic trap.
Results
From simulations we found a dominant maximum of particle accumulation at the rear end (in flow direction) of the magnetic trap. The position of maximum particle accumulation varies with the strength of the applied magnetic field. These results were exactly verified by laboratory experiments.
Conclusion
For an optimal sensitivity of the fluorescence based detector, the excitation light beam must be exactly focused to the accumulation maximum of trapped particles. The accumulation maximum can exactly predicted by simulations and is basis for an optimal particle detection and therefore improves patient's safety against particle infusion.
